Adolescents aged 11-14 years (n 326), belonging to organized sports federations in the Federal District, Brazil were interviewed. Subjects (n 107) provided four non-consecutive days of food consumption and 219 subjects provided two non-consecutive days of intake. The objective was to assess their nutrient and water intake according to dietary reference intake values and their energy and macronutrient intake by sex and sports groups they were engaged in: endurance, strength-skill or mixed, according to the guidelines established by the American College of Sport Medicine (ACSM). Dietary data were corrected for intra-individual variation. Total energy expenditure was higher among endurance athletes (P,0·001) following their higher training time (P,0·001) when compared to adolescents engaged in strength-skill or mixed sports. Total energy intake was only significantly higher among endurance-engaged females (P¼0·05). Protein intake of males was above the guidelines established by the ACSM for all sports groups. All male sport groups fulfilled the intake levels of carbohydrate per kg body weight but only females engaged in endurance sports fulfilled carbohydrate guidelines. Intakes of micronutrients with low prevalence of adequate intake were: vitamins B 1 , E and folate, magnesium and phosphorus. Few adolescents (, 5 %) presented adequate intake for calcium, fibre, drinking water and beverages. For micronutrients, prevalence of adequacies were lower for females than males, except for liquids and water. Nutrition guidance is needed to help adolescents fulfil specific guidelines of macronutrient intake for their sports and to improve their intake of micronutrients and water. Special attention should be given to female adolescent athletes. The bodily changes induced by adolescence increase energy requirements. This higher requirement is not only necessary to maintain health and promote growth and sexual maturation but also to provide the energy expended in physical and intellectual activities (1) . The regular practice of sport activities during adolescence can bring health benefits to these individuals. However, the physical activity will increase the energy expenditure and consequently the energy intake needs as well as the need for some nutrients (2) . Roemmich et al.
The bodily changes induced by adolescence increase energy requirements. This higher requirement is not only necessary to maintain health and promote growth and sexual maturation but also to provide the energy expended in physical and intellectual activities (1) . The regular practice of sport activities during adolescence can bring health benefits to these individuals. However, the physical activity will increase the energy expenditure and consequently the energy intake needs as well as the need for some nutrients (2) . Roemmich et al. (3) analysed adolescents who practised weight-control sports, such as wrestlers and gymnasts, and found that these individuals presented nutrient intake 50 % below their requirements. These cases of undernutrition among adolescents may lead to changes in growth and sexual maturation. Additionally, these authors justify that, for most adolescents, what impairs their growth and pubertal development is nutrient deficiency, not intense physical activity. In Brazil, the Ministry of Health has launched the National Policy of Health Promotion, which includes the promotion of physical activity and sports practice (4) . In schools and sports clubs adolescents are also encouraged to engage in sport activities as a means of physical education and talent selection for sports competition (5) . Nutrient intake, when adequately assessed, is a means of diagnosing the nutritional status of individuals and groups. The set of reference values called dietary reference intakes (DRI) (6) is used to assess and plan diets for healthy individuals and groups of individuals. There are still limited results published using the Institute of Medicine proposed methodology for dietary assessment. The American College of Sports Medicine (ACSM) sets guidelines for nutrient intake to individuals engaged in sport activities (2) . Data on the nutritional assessment of adolescent athletes are limited and there are no data published on water and nutrient intake of Brazilian adolescents using the DRI guidelines. As a result, we hypothesized that adolescents engaged in sports will not compromise their intake with existing guidelines for protein and carbohydrate per kg body weight.
The objectives of the present study were to: (1) determine the prevalence of adequate nutrient and water intake from adolescents of sports federations in the Federal District, Brazil using the set of reference values (estimated average requirement (EAR); adequate intake (AI) and upper tolerable nutrient intake) that constitute the DRI; (2) compare the macronutrient intake of adolescents when grouped into groups of sports that require endurance, strength-skill or both, according to reference parameters set by the ACSM; and (3) to verify differences in nutrient intake between the sexes.
Methods

Subjects
The sample consisted of athletes of both sexes aged 11 -14 years. They were members of official sports federations that organize competitions for this age group in the Federal District, Brazil. The sports included were: athletics (mainly running), swimming, Olympic gymnastics, judo, tennis, volleyball, football, indoor football, handball and basketball. Calculation of the study sample considered a random sample selection with a power of 80 %, an error probability of 0·05 and a variance ratio of 0·8. Total sample size was 326 subjects. We selected 336 adolescents and 326 completed the protocol.
Subjects were interviewed in two phases. The first phase lasted from June to December 2003. The second phase lasted from February to May 2004 and 107 adolescents were randomly selected from the initial sample of 326. These 107 also took part in a further protocol to evaluate body composition (7) . During both phases, the adolescents maintained normal training and eating patterns. Sample loss was low (3 %) or non-existent (0 %) in the first and second phases, respectively. There were 122 female and 204 male adolescent athletes. The sports federations and the University of Brasília Ethics Committee approved the protocol. Each adolescent and parent gave written informed consent prior to participation.
Sports classification
The classification of sports is arbitrary and often based on the metabolic requirements of training and/or competitions. For the adolescents in the present study, the classification of sports was based on energy requirement and on the predominant motor skills used during the training sessions. The sports were grouped into endurance (swimming and athletics), strengthskill (Olympic gymnastics, judo, tennis and volleyball) and mixed (football, indoor football, handball and basketball). For the purpose of consistency throughout the paper they are going to be called sports groups. Only males participated in football and indoor football. Only females took part in Olympic gymnastics. Both sexes took part in all other sports.
Protocol
The protocol included activity and dietary questionnaires, and anthropometric assessments. The activity questionnaire obtained information on how many hours the adolescent spent on organized physical activities and training. In brief, the activity questionnaire consisted of fifteen questions, asking: (1) number of hours per day and days per week, including weekends, spent on training; (2) number of hours per day and days per week, including weekends, spent on other organized physical activities; (3) number of hours per day spent sleeping, at school, and on sedentary activities (watching television, playing video games and computer use) during weekdays and weekends. Reported hours of participation in each activity were used to calculate energy expenditure using the Institute of Medicine factorial method (1) . The number of hours per day spent on training was multiplied by the number of days they were performed; therefore, results were presented as hours per week.
Dietary questionnaires included a 24 h dietary recall and a 1 d food diary. The 24 h dietary recall was conducted by trained undergraduate nutrition students according to an interviewer handbook to standardize the way questionnaires were presented and the replies recorded. The adolescents received written notes on how to record the nutritional information of the 1 d food diary and were encouraged not to change their eating habits.
The consumption of all liquids and foods was recorded during the dietary survey (24 h dietary recall and food diary). The adolescents were asked to report the brand or trade name of the products consumed. For meals, they were asked to inform how each meal was prepared (cooked, roasted, fried, etc) and the respective ingredients and amounts. The adolescents were asked to quantify the amount of liquids and foods ingested. This procedure was facilitated by using a set of cooking measurement items (spoons, cups, commercial containers of some products) and also by using a pictorial guide of utensils and food portions (8) . Water intake was minutely assessed since it is very difficult to estimate the amount of water ingested outside mealtimes. In order to achieve this, the adolescent was shown a specific cup and asked to specify how much they ingested. If water was ingested from a water fountain, the adolescent was asked to estimate the amount.
The first phase of the research consisted of one 24 h dietary recall and one food diary. The second phase consisted of two 24 h dietary recalls, where the second dietary recall was obtained by telephone interview. Thus, at the end of the study, 107 adolescents provided information on four non-consecutive days of food consumption and 219 adolescents provided information on two non-consecutive days of food consumption. All the interviews were supervised by one of the authors. Later a random telephone recheck was conducted for the interviews of each interviewer. The number of errors in this assessment was low (2·9 %), and was mostly related to the record of birth date.
Anthropometric assessments were performed in triplicate accordingly to the Anthropometric Standardization Reference Manual (9) with the subjects wearing light clothing and barefoot, by the same trained anthropometrist. A Plenna scale (model MEA 07 400, USA; accuracy of 100 g) was used to determine weight and a Seca stadiometer (model 208, Germany; accuracy of 0·5 cm) was used to determine height. Triceps and subscapular skinfolds were measured using a Harpenden caliper (CMS Weighing Equipments, UK) to^0·2 mm. The average of the closest two measurements was used for analysis. BMI was calculated as weight divided by the square of the height (kg/m 2 ). Body fat (%) was calculated using the Boileau, Lohman and Slaughter equation (10) . This equation was developed for males and females aged 8-29 years old.
Dietary analysis
The dietary data was coded and entered into the software (NUTRISURVEY for Windows 95 version 5.0, 2002, Germany) by one of the authors and one well-trained researcher to minimize errors. The food database used for this program is based on the German Bundeslebensmittelschlüssel, updated in 1999 (version BLS II.3) and locally adapted by incorporating recipes and ingredients listed on Brazilian labels of industrialized foods and food supplements. A guide containing information on how to convert cooking measurements into grams was prepared to standardize the foods consumed and their cooking measurements. The foods that were not in the nutritional analysis software database had to be included using food composition tables (11 -13) .
Statistical analysis
The S-Nusser method (14) was used to correct the intra-individual variation in macro-and micronutrient intake (15) . The necessary calculations for the corrections were performed by a SAS macro generously supplied by Dr Hoffmann (15) and modified by one of the authors. In summary, the Box-Cox transformation is used during the computational procedure to obtain a roughly normal distribution of the intake data. Intra-individual variation is removed from the individual mean by calculating and applying a factor that flattens the intake distribution. Finally, the corrected measurements return to the original scale, a stage that involves the inverse of the Box-Cox transformation and normal distribution.
The energy and macronutrient intake values are presented as means and standard deviations grouped by types of sports or by sex. The groups were then compared by ANOVA after correcting for intra-individual variation and verifying data normality. Interactions between sex and sport were evaluated. Differences between the means were compared with the Ryan-Einot -Gabriel -Welsch multiple range test (16) . The statistics software used was SAS version 8.0
(SAS Institute, Cary, NC, USA). The adopted significance level was 5 %.
Results
The proportion of adolescents grouped into endurance, strength-skill and mixed types of sports was 15, 34 and 51 %, respectively. Table 1 presents the descriptive and anthropometric data of the adolescents grouped by sports and sex. The mean age of the adolescents was 12·5 (SD 1·03) years. The groups did not differ significantly regarding age. Weight was significantly different among the groups of sports, with the adolescents in the mixed sports group presenting higher weight (P¼0·01) than those in the endurance and strength-skill group. Height is significant in the ANOVA test (P¼0·04), but the RyanEinot -Gabriel -Welsch multiple range test is less conservative and did not distinguished differences among the sports groups. Table 1 also shows the mean amount of time spent in training per week: the individuals in the endurance sports group trained for longer periods than those in the strengthskill group, and the strength-skill group trained longer than the mixed sports groups (P, 0·001). There were interactions of sex and sport for training time per week as females trained longer than males, and males and females in mixed sports trained less. Percentage body fat was higher among females when compare to males and female athletes in endurance sports presented less body fat than girls engaged in strengthskill and mixed sports. There were no statistical differences in BMI among adolescents from the different sports groups and sex. 
a,b,c Mean values within a row with unlike superscript letters were significantly different (P#0·05). * Significant interaction (P¼0·002) between sex (P, 0·001). † Significant interactions (P¼0·008) between sex (P¼ 0·001) and sport (P, 0·001). Table 2 shows the mean energy and macronutrient intake values of the adolescents grouped by sports and by sport and sex. Total energy expenditure was higher for adolescents engaged in endurance sports when compared to strength-skill and mixed sports. In the female group total energy expenditure differs among all sport groups. Energy intake did not differ significantly among the groups. Protein intake (in grams, and grams per unit body weight) was significantly higher for all adolescents in the endurance sport group when compared to the other two groups. Female endurance adolescents present higher protein intake than girls in the strength-skill and mixed sports. There were no significant differences in the intake of the remaining macronutrients. Macronutrient intake, when expressed as percentage of total energy, did not significantly differ among the adolescents in the three groups of sports. Mean macronutrient intake expressed as percentage of total energy for the adolescents in the present study was within the acceptable macronutrient distribution range of 10 -35 % for proteins, 45-65 % for carbohydrates and 25 -35 % for lipids (1) . The food frequency intake analysis was adjusted in accordance with the groups of the Brazilian food pyramid (17) . The food groups and portions per day for the Brazilian food pyramid are: cereals, bread, pasta and tubers, five to nine portions; fruits, three to five portions; vegetables, four to five portions; legumes or pulses, one portion; meats and eggs, one to two portions; milk and dairy products, three portions; sugar and sweets, one to two portions; lipids and oils, one to two portions. Among the adolescents of the present study, there was a high intake of sweets; convenience foods (high-energy, low-nutrient density foods) such as chips, hot dogs, pizza, popcorn, dips; and fats and oils. Convenience foods and sweets frequency intake was 4·8 portions per day. Fats and oils frequency intake was 2·8 portions per day. There was also an insufficient intake of vegetables (one portion per day). Intake of cereal; meat, poultry and eggs; milk and dairy products; and legumes was five; two; 1·5; and one portion(s) per day, respectively.
Data analysis for micronutrients, fibre and water intake were performed on the whole group as there are no established reference values according to types of sport. Data were also separated by sex. Fibre and water intake were assessed by AI and are presented in Table 3 . The interpretation for nutrients whose reference intake is based on AI values is different from the interpretation of nutrients with an EAR. In this case, individuals whose intake is above the AI value for a given nutrient are most likely to be consuming adequate amounts of the nutrient. More fibre than the AI was ingested by 2 % of the adolescents and 4·6 % of the adolescents ingested more liquids (including water) than the AI. The proportion of individuals ingesting safe amounts total water (pure water, beverages and water present in foods) reached 78 % of the adolescents. When separated by sex, female adolescents present a higher percentage of individuals with liquids and water intake than males. It is not possible to state that the adolescents whose fibre and water intake have not reached the AI values were not consuming adequate amounts. Table 4 shows the mean and standard deviation for micronutrient intake and the prevalence of nutrient intake adequacy according to EAR or AI values for the intake data corrected for intra-individual variation. Results are presented for all adolescents and separated for each sex. In a normal distribution, the percentage of individuals with adequacy of intake should be 97 -98 % (EAR þ2SD). Vitamins A and B 12 and the minerals copper and iron presented adequacy of intake with a percentage equal to or above 97 % among the adolescents of both sexes. Vitamins B 2 and C and the mineral zinc presented high percentages of adequacy (between 92 and 96·9 %) for the studied group and in male and females. Vitamins B 6 and niacin had percentages of adequacy above 93 % for males but were below this level for females. The nutrients whose percentages of adequacy were below 84 % are considered more likely to be under-consumed by adolescents. The vitamins with the lowest percentages of adequacy among these adolescents were vitamins B 1 (74 %), E (66 %) and folate (11 %) . For the minerals, we observed a percentage below 84 % for magnesium (76 %) and phosphorus (69 %) among the studied adolescents. For all micronutrients with lower adequacy of intake the prevalence was always lower for females.
The interpretation for calcium and manganese is different since these nutrients have AI as reference value. Considering all athletes, 5 % of the adolescents presented safe calcium intake levels. On the other hand, 96 % of the individuals presented safe manganese intake levels. The number of adolescents with intake above the AI is again higher for males than for females. Once more, it is not possible to state that the individuals whose calcium and manganese intake do not reach the AI values ingest inadequate amounts of these nutrients.
Zinc was the only element that presented intake above the upper tolerable nutrient intake by 1·3 % of the sample, that is four adolescents. As for vitamins, only niacin was ingested above the upper tolerable nutrient intake in the form of supplements, with a percentage of subjects below 1 % (two individuals).
Supplements were taken by 23 % of the adolescents in the present study, and most of these supplements were in the form of sport drinks (50·6 %). Only sixteen adolescents in the study used vitamin and mineral supplements.
Discussion
This was a cross-sectional study that assessed the nutrient and water intake of adolescents engaged in sports training. The micronutrient, water and fibre intake data were analysed according to recent concepts of nutritional references proposed by the Food and Nutrition Board and Institute of Medicine committees (6, 18) (2000) (2001) (2002) (2003) (2004) . Macronutrient intake was analysed in absolute values, values relative to body weight and as a percentage of total energy, and compared with reference values reported by the ACSM (2) and by the Institute of Medicine (1) . For this analysis, the adolescents were grouped into endurance, strength-skill and mixed sports. Analysis was also conducted to assess differences with regards to sex.
A primary concern in nutrition is the delivery of adequate energy, especially for young athletes (19, 20) . Adolescents in endurance sports present significantly higher training time and also significant total energy expenditure. Total energy intake was significantly higher for endurance female athletes. Anthropometric data show that mean weight, height and BMI were within the normal range for age.
Carbohydrate intake relative to body weight was within the values recommended by the ACSM (2) for male athletes (6 -10 g/kg body weight). Girls in strength-skill and mixed sports, however, did not fulfil this level of intake. Mean protein intake of male athletes in all three sports groups was above reference values reported by the ACSM (1·2-1·6 g/kg body weight for endurance and 1·4 -1·7 g/kg body weight for strength). Girls engaged in endurance sports also present high protein intake when compared to girls in the strength-skill and mixed sports. The intake levels of protein established by the ACSM consider the high requirement of protein for athletes and there is no benefit to adopt a high level of protein intake (2) . The low consumption of whole cereals as well as fruits and vegetables was reflected by the low prevalence of fibre intake above the AI. Water intake also had a low proportion of adequacy. Low fibre intake associated with low water intake has potential health risks (6) . However, it is not possible to state that some individuals presented inadequate intake, since the EAR for water has not been estimated yet. Physical activity and environmental factors greatly influence the water requirement of adolescents (18, 20) . Therefore, in this group, water intake should be increased for the adolescents to remain as close as possible to the safe levels. Bar-Or (21) reported that child and adolescent athletes drink more water if the water is flavoured and contains carbohydrates and table salt, and that this may be an important strategy to keep this group adequately hydrated. In this respect, the adolescents in the present study ingested liquids in the form of juices and soft drinks, which contribute both to water intake and also to their energy intake.
In the micronutrient intake assessment, most of the analysed nutrients were ingested in adequate amounts, that is ten out of sixteen nutrients examined. These nutrients were selected because EAR or AI values are available. Vitamin B 1 , vitamin E, folate, calcium, magnesium and phosphorus presented low prevalence of adequacy for either male or female athletes, and results were consistently lower for females. Additionally, female athletes trained more than males. Female adolescent athletes are at higher risk for nutritional deficiencies.
Low intake of micronutrients is of considerable concern as if maintained for certain periods of time this can result in deficiencies, which threaten health and performance (6, 22) . On the other hand, there are limitations to nutritional assessment from dietary recalls and dietary analysis (6) . Vitamin E intake can be underestimated when lipid underreporting occurs. In the present study, the adolescents reported lipid intake in the normal range of the acceptable macronutrient distribution range and there was no specific absence of vegetable oils in their foods. Additionally, food composition tables are inconsistent in providing the amount of vitamin E present in raw, industrialized or prepared foods, which can lead to an erroneous conclusion of inadequate intake.
There is a relationship between energy intake and thiamin intake. Individuals with high energy intake, such as athletes, should have high thiamin intake as long as their food choices are appropriate (23) . Physical activity, under normal conditions, does not alter thiamin requirement. However, as physical activity becomes more intense, a higher thiamin intake might become necessary (24) . The adolescents did consume thiamin-containing foods, but not in sufficient quantities to achieve adequacy in relation to reference values. This is consistent with their high consumption (4·8 portions per day) of high-energy, but low-nutrient density foods.
Folate was the vitamin with the least prevalence of adequacy. This result is not surprising as it is recognized that food composition data contained in currently used databases provide inaccurate estimations of folate, as the values underestimate actual food folate content (24) . In addition, the intake of vegetables, one of the sources of food folate, observed among these adolescents was low. A policy of fortifying flour with folic acid has been approved in Brazil (25) , but the implementation of this policy began after this dietary survey was conducted (2005) .
The AI of calcium, established by the DRI committee, seems to be enough to maintain safe intake levels of this nutrient. However, individuals who consume less than the AI may also be consuming enough calcium for their needs (26) . In the present study, the prevalence of adolescents consuming calcium at or above the AI was low. Also, the consumption of milk and dairy products was 1·5 portions per day. Ideally they should be consuming three portions of milk and dairy products per day to meet their daily needs. In the literature there is a report of low calcium intake due to low consumption of dairy products among Italian adolescents (27) . An increase in consumption of milk and dairy products should correct or ameliorate the low intake of calcium, and also contribute to magnesium intake. The number of female adolescents with intake above the AI was very small.
Phosphorus is present in sufficient amounts in all foods (26) . The increased intake of beverages like colas and other soft drinks, especially those that use phosphoric acid as acidifier, among the adolescents in the present study, should result in a proper phosphorus intake. As with vitamin E, the absence of this element in food composition tables may have contributed to the apparent low intake, since there were no food restrictions that would justify this observation.
Cavadini et al. (28) and Croll et al. (29) compared groups of sedentary and sports-practising adolescents, and considered that the dietary habits of the athletes were healthier than those of the non-athletes. Among the athletes, fruits, fruit juices, cereals and salads were consumed in greater amounts (28) and breakfast was eaten more frequently (29) . This was not the case in the present study, where the consumption of vegetables was low and monotonous, helping to explain the low micronutrient and fibre intakes found among the adolescents. Given the low intake of certain nutrients, there has been a suggestion that the use of dietary supplements should be widely encouraged among children and adolescents (30, 31) . Other strategies have been developed to provide adequate nutrient intakes. These include the promotion of diversified diets and fruit and vegetable consumption by the WHO's global strategy (32) . The latter strategy is preferred over that of supplements because it does not incur unnecessary toxicity risks and also guarantees a bulk intake of nutritional compounds. Use of vitamins and mineral supplements was not prevalent for these adolescents, however, among those who did use supplements there was an intake above the upper tolerable nutrient intake for niacin and zinc.
Previous results published in the literature address the evaluation of adolescents' nutrient intakes. Croll et al. (29) compared dietary data obtained from FFQ and found that youths participating in sports had higher mean intakes of protein, calcium, iron and zinc than youths not involved in sports training. Other studies involving adolescent athletes (27, 33, 34) compared the mean nutrient intake with the RDA and found that the mean intake of vitamins D, E and B 6 and of the minerals magnesium, calcium, iodine and phosphorus was low. Although these earlier results are broadly consistent with the present findings, the studies cannot be directly compared and must be considered with caution given the different assessment methods used. Comparing the mean intake of a group with the RDA does not give the correct prevalence of adequacy (6) . When dietary assessment uses the DRI methodology it is possible to define the prevalence of dietary adequacy or inadequacy. Therefore, it is impossible to directly compare the present results with those of other researchers. Available data assessing the dietary intake of adolescent athletes are largely insufficient (35) . Recently, Schenkel et al. (36) published results of nutritional assessment of adolescent males using the DRI methodology and found low prevalence of adequacy for vitamin A, B6, magnesium, phosphorus and zinc.
The present study assessed nutrient and water intake of a representative sample of adolescents engaged in sport training and competition. We employed the most recent reports and methodology from the Institute of Medicine and ACSM to compare the data, which strengthens the present results. To our knowledge this is the first report to assess water intake of adolescents and compare the results with recently published DRI values. Water intake was assessed by a dietary recall method, which is prone to recall bias (6) . Although implementation and application of the dietary recall instrument were performed following all adequate practice steps: team training, presentation of a picture guide and use of tools for the correct identification of the portions of foods consumed, the method has not yet been validate. In this respect, results should then be taken cautiously.
In conclusion, the present study, using DRI to assess dietary intake, showed that Brazilian adolescent athletes need further guidance in order to select foods coherently and therefore meet their water, fibre and some micronutrient needs, and avoid the risk of nutrient toxicity. This could be achieved by increasing consumption of milk, dairy products, vegetables, water and fibre-rich foods, while reducing the intake of protein from other food sources, such as meat. Male athletes fulfil carbohydrate intake levels but consumed levels of protein higher than the guidelines established by ACSM. Conversely, female athletes engaged in strengthskill and mixed sports did not reach adequate levels of carbohydrate intake. Also female athletes presented lower prevalence for micronutrient intake but longer training sessions than male adolescent athletes. The results from this research stress that nutritional education should be planned and delivered to adolescents, together with the promotion of physical activity and sports participation, for both talent selection and health outcomes. Sports federation and sports clubs should provide sound nutritional information to adolescents to avoid perpetuation of common dietary practice inappropriate to maintaining adequate nutritional intake.
